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By Harold I. Johnson and B. Porter Brown 

S U M M A R Y  

This  investigation is the   third of a ser ies  concerned with the 
determination of ' funhnental   characterist ics of trailing-edge  controls 
a t   t ransonic  speeds. A 35' sweptback untapered airfoil model of aspect 
ratio 3 has been f i t t e d  with Various chord f'ull-span f laps   differ ing 
only in type of aerodynamic balance. The first  ser ies  of t e s t s  was 
ruzl with a p la in   f lap  which represented  the  case of zero aerodynamic 
balance. The second ser ies  of tests was run with a f l ap  that had a 

reported  previously. The tests  described  herein were made with a f l ap  
that  incorporated a bevelled  trafiing edge with an Included t r a i l i ng -  

'4- 

I large horn  balance.  Results from these two ser ies  of t e s t s  have been 

t eage angle of 23O. m o r t a n t   r e s u l t s  fol low.  

The lift characterist ics of the model and f l ap  were similar t o  
q .  those measured previously  with  true-contour  flaps on the model. Sealing 

the  f lap gap increased  the  lift-curve  slope and the  f lap  effect iveness  
appreciably and a lso  caused a rearward shif t   in   the  center  of pressure 
of the load due t o  flap  deflection. The --flap-chord by --flap-span 
bevelled  trim  tab had poor  trillnning characterist ics at all speeds 
tes ted  (M = 0.65 t o  1.15), inasmuch as the hinge moment due to   t ab  
deflection  reversed fo r  various parts of the  deflection range at 
different Mach numbere. The bevelled trail- edge eppeafs t o  be a.n 
unsatisfactory  type of aerodynamic balance fo r  airplanes  required t o  . 
traverse a large speed  range  because a t  subsonic  speeds  the  degree of 
balance was highly nonuniform and at low supersonic  speeds most of the 
balancing  effectiveness  disappeared. 
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A wing-flaw investigation is  being made t o  determine the  charac- 
t e r i s t i c s  of conventional low-speed aerodynamic balmces  at   transonlc 
speeds. In this investigation a typical sweptback a i r fo i l - f lap  combi- 
nation  representing  either a wing or. .a t a i l  surface i s  being f i t t e d  
with $chord full-span  flaps  differing only  i n  ty-pe of aerodynamic 
balance. The primary  objectives of the  investigation are the  determi- 
nation of f l ap  hinge moments and flap  effectiveness; however, it has 
been  found  convenient and desirable also t o  measure the lift and 
pitching-moment characterist ics of the complete models. The f irst  
ser ies   of . tes ts  was made with a plain  f lap which represents  the  case 
of zero aerodynamic balance  (reference 1). The second series of t e s t s  
was made with a horn-balanced f l ap  that- was designed t o  have a large 
degree  of- aerodynamic balance at low speeds  (reference 2 ) .  The present. 
series of' t e s t s  was made with a bevelled-trailing-edge  flap  that had a 
trailfng-edge a n g l e  of 23O in planes  perpendicular t o   t he  hinge l ine.  
The true-contour NACA 65-009 sect ion  f lap tested i n  reference 1 had a 
trailing-edge =@;le of approximateu 6'. 

The tests  consisted of measurements of the l i f t ,  pitching moments, 
and  hinge moments acting on a semispan a i r fo i l - f lap  model having a 
sweepback angle of 35O, an aspect  ratio of 3.07, a taper - ra t io  of 1.0, 
an NACA 65-009 section  in  planes  perpendicular  to  the  leading edge over 
the forward 75 percent of  the chord, a full-span '-chord bevelled- 

trailing-edge  flap, and a --span 1 by &-flap-chord trim tab. Tests were 

made with  the  flap gap both  sealed and unsealed. In general, data were 
obtained  over  an  angle-of-attack  range  of -5O t o  18O, a flap-deflection 
range of f20°, a tab-deflection range of 0 t o  loo, a Mach  number range 
of 0.55 t o  1.15, and a Reynolds number range of-about- 5OO,OOO 
t o  1,400,000. Because the   t e s t s  were run within two widely  separated 
altitude  ranges,  the  dat-ecan be used t o  study some effects  of Reynolds - 
number even though the  highest Reynolds number encountered w a s  small i n  
comparison w l t h  probable full-scale Reynolds numbers. 

F 
3 3 

S Y M B O L S  

M average Mach  number over model 

MA airplane  free-stream Mach  number 

R Reynolds number 
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QA 

q average dynamic pressure over m o d e l  

airplane  free-stream dynahic pressure 

%** . airplane lift coefficient 

CL model l i f t   coe f f i c i en t  

c, model pitching-moment coefficient (measured  about axis 
18.1 percent M.A.C. ahead of leading edge of M.A.C.) 

( . qbC2 > .  

Model p i t  chinp; moment 

ch model  hinge-moment coefficient 
Model hin 

C L ,  
variation of model l i f t   coe f f i c i en t  with angle of attack, 

per degree (2) 
CLfj variation of mo l i f t  coefficient  with f lap deflection, 

c 

cma variation of model pitching-moment coefficient  with  angle of 
attack, per degree (2) 

Cms variation of model pitching-moment coefficient  with  flap 

Chai 
variation of flap  coefficient  with model angle 

of attack,  per  degree 

variation of f lap  hinge-moment coefficient with flap  deflection, 

per  awFee (2) 
- aa 

?E flap  relative  effectiveness (q2) 
- 
Y - 
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angle of attack between  model chord plane and direction of 
relative w i n d  

f lap  deflection  anghbetween  f lap chord l i ne  and a i r f o i l  
chord l i ne  measured in plane  perpendicular t o  hinge l i ne  

trim-tab deflection in plane  perpendicular t o  hinge l i n e  

sweepback angle 

taper ra t io  

aspect  ratio 

model span normal t o  wind direction  (corresponds t o  one-half 
of span of complete wing) 

model chord pa ra l l e l   t o  wind direction 

model mean aerodynamic chord (M.A.C.) 

t o t a l  area of model (corresponds t o  one-half of area of 
complete wing) 

flap span along  hinge l i ne  ( corresponds t o  o n e - K f  of’ span 
of fdl-span f l ap  on complete w i n g )  

. .  . -  

f l ap  root-mean-square  chord perpendicular t o  hinge l ine  

f lap chord para l le l  to wind direction 

f lap  area rear of hinge line 

included  trailing-edge  angle of f l ap  

trim-tab sp& p a r a l l e l   t o  hinge l i ne  

trim-tab chord n o k a l  t o  hinge l i ne  

trim-tab area 

airplane wing area 

L 

c 
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The model was mounted on the upper surface of an F - 5 D  a m l a n e  
wing as shown in figure 1. The wing contour had been  modified t o  
provide mre uniform velocity  gradients over the model tes t   s ta t ion.  mical 10ca.l velocity  gradients in both the chordwise and spanwise 
directions over the model t e s t   s t a t ion  a r e  shown i n  figures 2  and 3, 
respectively. lh calculating  force and moment coefficients, an average 
aynamic pressure  correspondihg t o  the average local Mach number over 
the model area was used. No correction w a s  -applied for the  effect of 
the wing boundary layer. O t h e r  tests have shown that the wlng boundmy 
layer has a t o t a l  thiclmess of only about 1/4 inch. The effect  of the 
wing boundary layer on the  velocity  distribution over the model, there- 
fore, was.considered t o  be negligible. The effects  of model f l ex ib i l i t y  . 
=-re amal l  asd also considered t o  be negligible.  Flexibility  effects 
are discussed in more detail Fn reference 1. 

I 

A drawing of the bevelled-trailing-edge  flap model including a . 
l ist  of,pertinent dimensions is  given in figure 4. The model was 
intended t o  ha.= exactly the same over-all dimensions as those  tested 
in references 1 and 2; however, small errors were =de in the con- 
struction of the   f lap so that the model aspect  ratio was changed 

The m o d e l  w a s  nachined from solid duralumin and an end plate of 

gap.between the flap  leading edge and the   basic   a i r foi l  model was 

the gap was closed d o n g 6 4  percent of the  f lap spas by 0.002-inch-thick 
sheet  rubber  installed as shown in figures 4 and 5.  

. from 3.04 to 3.07 and the  flap-chord  ratio was changed from 0.25 to 0.24. 

,&Lameter  equal to the chord was attached at the  root of the model. The 

a approximstely 0.015 inch (o.oo~~). ~n tests of the sed-ed-gap conat ion,  

a- 

The bevelled-trailing-edge  flap had a n  included  trailing-edge 
angle of 23' i n  planes  perpendicular t o  the hinge line as compe2ed w i t h  
a trailing-edge  angle of about 6O for  the  true-contour N M A  65-0Og sec- ' 
t ion  tes ted in reference 1. In the streamwise direction  the  trail ing- 
edge mgle was 19.2'. The bevelled  portion of the  f lap extended forward 
from the trailing edge about  one-fourth of the  f lap chord. From this 
yoint t o  the  hinge  line  the  surface was formed by a plane tangent t o .  
the  fhp-nose  radius, &ich was the standard nose radius for a 25-percent- 
chord f lap  o n  an NACA 65-009 section. (See f igs .  4 and 5. )  The f lap  
had a -span by Lchord tab, located  centrally along the span, which 

could be bent t o  desired  deflections, Bending of the tab  was fac i l i t a ted  
by cutting U-sha.ped grooves i n  the  f lap at the tab leading edge a long  
the  entire tab span. The tab gap was, therefore,  completely  sealed 

1 
3 3 

1 f o r  all t es t s .  

i 

! 
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The recording  instrumentation w a s  the same as that described  in 
references 1 and 2. 

T E S T S  

The data presented were obtained from nine  f l ights.  O f  these nine 
f l igh ts ,  two were made to   ob ta in  model and f lap  character is t ics  w i t h  
f l ap  gap open (gap = O.O05T), four were made to   obtain model and f l ap  
characterist-ics.with  the  f lap gap sealed  along 64 percent of the span, 
and three.  were made to  obtain  trim-tab-effectiveness  data w i t h  the   f lap 
gap sealed. 

With gap open, one flight was made with the flap  f ixed irr neutral  

of- -5' t o  18'. The other flight was made with the model fixed a t  zero 
angle of a t tack  re la t ive  to   the  a i rplane X - a x i s  and the  f lap  osci l la t ing 
through a deflection range of about f20°. This procedure was repeated 
for   the gap-sealed  Condition; however, an additional two flights were 
made w i t h  gap sealed i n  which the model w&s fixed at a = 5O 
and 6f = 5O, successively. In all the foregoing flights the trim tab 
was set   in  neutral .  Trim-tab data were obtained by f ixing the model 

. at a Z Oo, osci l la t ing the flap through a deflection range of f20°, 
and setting the trim tab on successive  flights  to-deflections of l.95', 
5.k0, and 10.8'. The rate  of osci l la t ion of either the model or  the 
f l ap  w a s  approximately one cycle  per second. 

~. and the  entire model osci l la t ing through an angle-of-attack  range 

Each flight was made up of two test- rune referred  to   hereinaf ter  
as the "high-dive" run and the  "level-flight' ' run. (Trim-tab charac- . 
t e r i s t i c s  were measured only In high-dive runs.) The high-dive run was 
made by diving the  airplane from 28,000 f ee t  and an indicated  airspeed 
of 220 miles per hour t o  an atrplane Mach  number of 0.73 st approxi- 

' mately 18,000 fee t .  During this run usable data were obtained for 
average Mach numbers aver the model ranging from 0.65 t o  1.15 at 
relat ively lower Reynolds numbers. The level-fl ight run was  made  by 
gradually slowing the airplane from 450 miles per hour t o  300 miles 
per hour at-5,000  feet   al t i tude following a dive  and,pull-out from 
about 15,000 feet a l t i tude.  During this run usable data were obtained 
for  average Mach numbers over  the model ranging from 0.55 to 0.95 
(sometimes 1.0) a t  Telat ively higher Reynolds'numbers. w i c a l  varia- 
t ions of Reynolds number with Mach number fo r  the two types of test  
runs axe given in figure 6. 

I 

Y 
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The accuracy of the major variables i n  thfs tnvestigatfon was 
estimated t o  be as follows:. 

Mach nlrmber . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.01 
Angle of attack,  degree . . . . . . . . . . . . . . . . . . . .  +0.3 
Flap  angle,  degree . . . . . . . . . . . . . . . . . . . . . .  -10.3 
Trim-tab angle,  degree . . . . . . . . . . . . . . . . . . . .  f O . l  
L i f t  coefficient . . . . . . . . . . . . . . . . . . . . . . .  io. 03 
Pitching-moment coefficient . . . . . . . . . . . . . . . . . .  kO.015 
Hinge-moment coefficient . . . . . . . . . . . . . . . . . . .  kO.003 

Accuracies of the last three variables l is ted are  given for  the 
lowest t e s t  speed; a t  the highest t e s t  speed, these  accuracies shauld 
be approximately  four times be%ter. A large part  of the loss i n  
accuracy was a t t r ibu tab le   to  shifts in instrmnent  zeros t4at occurred 
Wadually  during a flight. Eence, the er rors   in  the data appear for  
the most par t   as ' emors  in a n a e s  of zero lift, angles of zera  pitching 
moment , and angles of zero  hinge moment. Because the data at any given 
Mach m b e r  were obtained w i t h i n  a very short period of tbe (less than 
1 sec),  the s lops  of the  various-  force- and moment-coefficient 
curves should be accurate  to a degree  approaching the instrument 
capabilities, which, in  the present.  case,  add up t o  about 2 percent a t  
Intermediate t e s t  speeds. 

b 

P R E S E N T A T I O N  O F  D A T A  

~ l l  force and mament coefficients.are  presented  in accordance 
w i t h  standard NACA conventions  regarding  definitions and signs. 
Pitching moments were measured about an axis located 18.1 percent  chord 
forward of the  leading edge of the mean aerodynamic  chord. 

In accordance w i t h  past procedure  (see  reference 2) d l  the basic 
data are presented  without shoxtng test points. However, in order t o  
show the  quality of the data, two typical  plots of basic data are shown 
in figure 7. These plots shar the number of t e s t  points  evaluated a t  
each Mach  nuniber from the  continuous  records of force, moment, and 
position. 

The following  tables  give  the  order of treatment of the  results as 
w e n  as a key t o  figures 8 t o  30. In general,  each figure consists 
of two parts.  The first part shows data from the high-dive m s  
(higher maxFrmrm Mach  number, lower ReynoXds numbers) and the second part 
shows data from the  level-flight runs (higher Reynolds numbers, lower 

I 
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maximum Mach number). The basic daw are  generally given fo r  Mach 
number increments of 0.05 through the Mach number range tested. " 

I 

BASIC DATA 

. . 

1 Characteristics I Content , 

,..... ..+ i 

Figure 

Open and sealed 8 
Sealed 9 
Open and sealed LO 
Sealed 11 

Open and sealed 12 
Sealed 13 
O p e n  and sealed 14  
Sealed 15 

Open and sealed 16 
Sealed 17 
Open and sealed 18 
Sealed 19 
Sealed 20 
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Characteristics 

L i f t  

Pitching moment 

Hinge moment 

~- 

SUMMARY DATA 

Content 

C L a Y  CL6Y 

Figure Gap 

21 Open and sealed  against M asf 
,(a z 00; 6f = 00) 

Effect of 6f on C k  

23 Open and sealed %, hy a.c. c.p. due 

22 (b 1 Sealed  Effect of a on CL6 
=(a) Sealed 

t o  Qo against M 
(a. w o  y 6f = oO) I 

Effect of 6f on % Sealed 
Effect of a .  on Cm6 Sealed 
Effect of Sf on a.c. Sealed 
Effect of a on c.p. Sealed 

due t o  sf 
C& against M (a z Oo, 

Effect of 6f on C& 
sf = 00) 

6f = oO)  
chg against M (a 2 ooy 

Effect of a on ch, 
Ch against $T (a w OO 

6f = oo ) 

Open and sealed 

Sealed 
O p e n  and sealed 

Sealed 
Sealed 

I 

I 

I 

t 

I 

I 



10 

D I S C U S S I O N  O F  R E S U L T S  
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BASIC DATA 

L i f t  Characteristics 

L i f t  due t o  angle  of a t tack  ( f igs .  8 and 9 ) . -  Compressibility had 
no adverse  effect--on  the ability of t he   a i r fo i l   t o  develop; lift in  the 
low and moderate angle-of-attack  ranges. A t  angles of attack  near loo, 
however, a sharp break  occurred in  the- lift curves in  the  region M = 0.95. 
This  break  disappeared a t  M = 1.05 and higher  speeds. A s  may be seen, 
t he   t e s t  range (a, = 18') was insufficient  to  yield  information on the 
variation of-maximum l i f t  coefficient  with Mach number.  However, such 
Fnf-ormat-ion may be found for   the model with a plain  flap  in  reference 1. 

effect  on shape  of the l i f t  curves of changing the  flap  angle 
from 0 t o  5' was practically  negligible. One of the small systematic 
changes noted was a delay t o  larger  angles of attack in the  occurrence 
of the sharp break in   the  lift curve  near M = 0.95. 

I .  

Sealing  the  flap gap had a bene f i c id   e f f ec t  on the l i f t  
characterist.ics of . the model a t  angles of attack below approximately 8'. 
Inasmuch as only  64-percent of the gap length was sealed  in   the  tes ts  
( r e fe r   t o   f i g .  4), fu r ther   ga ins   in   l i f t ing   ab i l i ty  could be expected 
from sealing a @;rester l eng th   o f the   f l ap  gap. 

m 

L i f t  due to   f lap  def lect ion (figs.  10 and Ll).- The bevelled- 
trailing-edge flap showed generally good f l a p  effectiveness. There was 
a considerable loss in  effectiveness at-small f lap  angles   a t  M = 0.95 * :  
( f ig .  l o (&) )  in the  unsealed  condition, which was alleviated by sealing 
the gap. In addition to th i s   e f fec t ,   the   sea l  gave a worth-while over- 
all improvement in  f lap  effectiveness over most of the speed  range 
tested.  When the  angle of atta.ck was increased from Oo t o  5 O ,  the   f lap 
effectiveness was reduced somewhat :..- 

! 

The foregoing results appear on the  surface  to be a t  variance  with 
other  recent  tests of  controls  with  large  trailing-edge angles made in  
wind-tunnels  (references 3 and 4) .  These tests showed violent  losses 
or even reversals  in  f lap  effectiveness i n  the  transonic speed  range 
with  controls having somewhat -smaller trailing-edge  angles than  that 
tested herein. The difference  in  results i s  probably due t o  the differ-  
ence Fn airfoi l   sect lon.  The wind-tunnel tests were made wi th   a i r fo i l  
sections  that have large trailing-edge angles which extend  forward 
over  approximately the   en t i re   f lap  chord. In the  subject  tests  the 
large trailing-edge  angle extended  forward a distance  equal  to  only 
one-fourth of the  f lap chord. Hence, it i s  possible  in  the  subject 
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t e s t s   t h a t  part 

11 

of the expected loss in   f lap  effect iveness  due t o  the 
large  trailing-edge m e  on the   l as t  chord of the  f lap w a s  replaced 
by a gain in   effect iveness  from the forward  chord  portion of the   f lap  

acting  as a blunt  trailing-edge  control of smaUer  chord. If t h i s  
analysis i s  borne out by fur ther  work, the  conclusions t o  be. drawn are  
that trailing-flap  effectiveness at transonic  speeds w i l l  be best  f o r  
a i r f o i l  sections having .their maximum thickness. well forward in  order 
to  obtain  a small over-all   f lap  trail ing-edge -e, and t h a t   f l a p  
effectiveness  for a given a i r fo i l   sec t ion  cannot be 'changed appreciably 
by local  modifications t o  the contour of the f lap  short of resorting 
t o  a finite  trailing-edge  thickness  (reference 5 ) .  

'4 
'4- 

Pitching-Moment Characteristics 

Pitching moment due t o  angle of at tack (figs. 12 and 13). - These 
data showed no unusual variations. The seal  did not change the 
pitching-moment chwacteristics  appreciably  except a t  high angles of 
a t tack where the  pitching moments were increased by the  addition of 
t h e   s e d .  

Pitching moment due to   f lap   def lec t ion   ( f igs .  14 and l5).- In 
general,  the  pitching moments  due t o  flap  deflection  followed the same 
trends  as  the l i f t  due to   f lap   def lec t ion .  As in the case of the lift, 
the  pitching moments also were increased  considerably by sealing the 
f l ap  gap. In figure 14 the data f o r  the gap-open condition are 
apparently  in  error somewhat  due t o  a zero s h i f t .  

Hinge-Moment Characteristics 

Hinge moment due t o  angle of at tack  ( f igs .  16 and 17).- The hinge- 
moment-coefficient variations  with  angle of at tack were very  errat ic  , 
with  'frequent changes between gosit iv6 and  negative  floating  tendendes 
below a SJ 8' and below a Mach  number of 1.0. Above a Z 8O the   f lap 
alweys exhibited a strong  negative  floating tendency. A t  supersonic 
speeds the curves tended t o  become l inear  and the   f lap  had a strong 
negative  floating tendency a t  all angles of attack. 

A comprison between the ( a )  and (b) parts of the figures shows 
that the  bevelled-trailing-edge flap w a s  very  susceptible t o  Reynolds 
number effects .  Large Reynolds numbers gave greatgr  posit ive  f loating 
tendencies in   t he  low angle-of-attack ranQe (a < 8 ). The dependence 
of the  bevelled-trailing-edge-flap hinge moments on €kynolds number 

4 . is  not  surprising inasm&h a s  the-balancing  effectiveness of such 
controls depends on separation  effects a t  the   t ra i l ing  edge which are, 
of course,  influenced by Reynolds number. 

i 

. " 
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The general shapes of the hinge-moment curves were not  greatly 
affected by  changing the  flap  angle from 0’ t o  .5’. 

Sealing  the gap did not  appreciably change the hinge-moment 
characteristics  although it-did tend  to  reduce the  small-amplitude 
waviness in   the  hinge -moment curves  near  zero  angle of attack. 

The data  indicate  the  hinge moment was not-zero  at-zero f l a p  
deflection and zero angle of attack. The reason f o r   t h i s  is believed 
t o  be’small construction  errors which introduced  slight asymmetry into 
the model. 

Hinge moment due to   f lap   def lec t ion   ( f igs .  18 and 19).- A s  might 
be expected, the  variation of hinge-moment-coefficient with  flap  deflec- 
t ion  a t  subsonic  speeds was nonlinear. At-Mach  numbers of 1 .0  and 
higher  the  curves became  much steeper,  indicating a n  abrupt loss i n  
balance. Just  as in  the case  of-angle of attack,  higher Reynolds 
numbers gave an Increase i n   f l a p  balance for   def lect ion (compare 
f igs .  18(a) and 18(b) ) .  

Throughout the  deflection range tested,   the  f lap was generally 
less balanced  with  the- gap sealed; however, the  balance a t  small deflec- 
t ions w a s  mintained  to  higher Mach numbers with  the gap sealed. The 
data indicate  the  hinge moments with gap open  were very  irregular at 
low speeds  near  zero  deflection. These i r regular i t ies  were eliminated 
completely by sealing  the gap. 

H h g e  moment  due t o  €ab deflection  (fig.  20).- The trim-tab 
effectiveness i s  indicated.by.the  vertical  spacing of the  curves of 
figure 20. At--Mach numbers  below 0.90, the tab gave increasing hinge 
moments of the  correct  sign  with  increasing tab deflection a t  zero f l ap  
deflection. A t  large  posit ive  f lap angles  the tab effectiveness 
reversed at small t ab  angles; whereas, a% large negative  flap  angles  the 
tab effectiveness usually reversed at  larger tab  angles. At”ach n m -  
b8qs above 0.90 the tab  effectiveness  usually  reversed.at moderate tab 
angles  for a l l  except  large  positive  flap angles. Within  the  accuracy 
of the data, therefore, it appears  .the tab  tes ted would constitute a 
w e a k  if not  entirely  unsatisfactory  trbming  device. 

c 

c 

SUMMARY DAW 

L i f t  Characteristics 

Lift-curve  slope  (figs. 21 and 22(a)) . -  The lift-cwve slopes 
showed a general  increase with increasing speed up t o  a bhch number of 
a t  l ea s t  1.0. A t  higher  speeds  the  lift-curve  slope fell off  sl ightly.  - 
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Sealing the   f lap gap w a s  def ini te ly   beneficial   to   increasing  the lift- 
curve slope at a l l  transonic speeds tested.  The maximum l if t-curve.  
slope measured with gap sealed was 9 percent  higher  than  the  corre- 
sponding maxFmum l if t-curve s lope  with gap open ( f ig .   21(a) ) .  Reynolds 
number effects  on lift-curve  slope were small. 

The effect  of f lap  deflection on lift-curve  slope was small and 
inconsistent  (f ig.   22(a)).  A t  transonic speeds, deflecting  the flap 5O 
reaced  the  l i f t -curve slope sl ight ly .  

Flap  effectiveness  (figs.  21 and 22(b)) . -  The absolute  flap 
effectiveness (CQ) showed a gradual decrease  over  the  speed  range 
tested  with 8~ additional  abrupt l O S 6  and recovery in  effectiveness 
between M = 0.90 and M = 1.05. Sealing  the gap  gave a general 
increase  in  f lap  effectiveness over the speed  range of about 25 percent. 
Other effects  of t h e , s e a l  were t o  ra i se  the Mach  number of minimum f l a p  
effectiveness from 0.95' t o  1.0 and t o  raise the m i n m  f lap  effect ive-  
ness  by about 35 percent ( f ig .   21(a)  ). , The data obtained from the 
level-fl ight runs (fig.   21(b)) were not as clear-cut  as  the  high-dive 
data,  but  disregarding  the  apparent  inconsistencies in the gap-sealed' 
data, these  data are i n  fair agreement w i t h  those of figure  21(a). 
The effectiveness of the  bevelled  flap compared favorably  with that 
of the  plain flap-and horn-balanced f laps  of references I and 2, 
respectively. 

The variations of f lap  relative  effectiveness aa. with Mach num- asf 
ber were similar t o  those of absolute  flap  effectiveness ( Q ) .  

The effect  of increasing  the  angle of a t tack on flap  effectiveness 
(fig.  22(b)) was t o  iron  out  variations in effectiveness due t o  com- 
press ib i l i ty .  This result i s  in agreement w i t h  previous t e s t s  
(reference 2) .  

Pitching-Moment Characteristics 

Pitchiqg-moment coefficient  per  degree  angle of at tack (figs. 23 
and 2&(a)).-  The pitching-moment-coefficient  slopes ((2%) were about 
constant below M = 0.85 and then  increased  considerably up t o  E4 = 1.0 
a f t e r  which they  again  tended t o  assume a constant value. Sealing  the 
f l ap  gap had little effect  on the pitching-moment variations  with  angle 
of a t tack up t o  a Mach  nutuber of 0.95. Reynolds number ef fec ts  and 
flap-deflection  effects a l s o  did not change the pitching-moment varia- 
t ions at transonic speeds  although some changes were indicated  a t  
subsonic  speeds. 

I 

! 
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Pitching-moment coefficient per degree flap  deflection  (figs.  23 
and 24(b) - The variations of C a  with Mach  number were irery similar 
to  those of C L ~  with Mach number.  There was a greeter  increase 
i n  due to sealing  the gap than  there w a s  i n  C L ~ .  Also, as i n  
the  case.of l i f t ,  the pitching-moment-slope variation due t o  com- 
pressibi l i ty  was reduced greatly by changing t h e   h g l e  of attack from 0’ 
t o  5O. (See fig.   24(b).)  

Aerodynamic-center location (figs. 23 and 25).-  The aerodynamic- 
center  position at low speeds varied between 10 and 20 percent m e a n  
aerodynamic chord  depending on gap condit-ion  and Reynolds number.  The 
Weissenger theory  predicts  an aerodynamic-center location of 20 percent - 
mean aerodynamic chord for  the  plan form tested.  In  t h i s  connection it 
i s  known that. thickening and bevel l ing  the  tmil ing edge tends  to move 
the aerodynamic center forward. Also there is evidence tha t  important 
l i f t ing-surface  effects  come into  play at- low aspect  ratios which are 
inadequately  treated by the  theory and cause a fur ther  forward shift i n  
aerodynamic-center position. . 

In the  subsonic  speed  range  the  effect of sealing the f l ap  gap was 
t o  shift the aerodynamic center forward  about 3 percent mean aerodynamic 
chord.  Increasing  the Reynqlds numbers from those  obtained  in  the  high- 
dive runs t o  those  obtained  in  the  level-flight--runs  (fig. 6) caused an 
additional  forward-shift   in aeroaynamic center of about 5 percent mean 

* aerodynanic. chord. 

Over the  transonic speed  range  (up t o  M = 1.15) the aerodynamic 
center  shifted rearward between 15 and 20  percent mean aero-ic chord 

- depend.ing on Reynolds number and gap condition. All the data indicated 
an aerodynamic-center location of 25 percent m e a n  aeroQnamic  chord 
a t  M = 1.0. ’ 

The effect  on aerodynamic-center position of  deflecting  the  flap 5* 
( f ig .  25) w a s  inconsistent  at  subsonic  speeds. A t  transonic speeds, 
deflecting the f lap  5O caused  about a 2-percent-rearward sh i f t  in 
aerodynamic-center position. 

Center of pressure due to   f lap  def lect ion  ( f igs .  23 and 25).- The 
center o f  pressure due to   f lap  def lect ion showed a rearward  trend  with 
increasing Mach  number as ‘In previous tests with  other  flaps  (refer- 
ences 1 and 2).  In sp i te  of indicated random sca t te r  of the data., the 
effect  of -sealing  the  flap gap i s  shown clearly.  Closing  the gap 
generally caused an  appreciable  rearward-shift i n  center  of  pressure  of 
the  load caused by flap  deflection. Such a rearward s h i f t  i s  beneficial 
t o  a l l - w i n g  airplanes using a i l a n t o r s  as longitudinal  control  devices. 

The effect  
generally d l  

of angle of attack on the  center  of-  pressure was 
and inconsistent  (fig. 25). 
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Hinge-Moment Characteristics 

Flap  floating tendency C b  ( f igs .  26 and 27). - The bevelled flap 
showed large changes i n  f loat ing tendency as measured by the  instantane- 
ous slopes of hinge-moment curves a t  OL = Oo over the test range. A t  
subsonic  speeds either increasing Mach nmber or increasing Reynolds 
number caused the  f lap t o  show grea te r   pos i t ix   (aga ins t  the re la t ive  
w i n d )  floating  tendencies. A t  about M = 0 . 9  this  trend  reversed so 
that at supersonic  speeds the  flap  exhibited  strong  negative ( w i t h  the 
re la t ive  w i n d )  floating  tendencies.  Deflect-  the  flap 5 O  ( f ig .  27) 
reduced greatly  the  variation of C k  with either, Mach rimer or  
Reynolds number in   the  subsonic  speed.  range; however, a t  supersonic 
speeds the  strong  negative  floating tendency still appeared. A s  
explained in  reference 2, it i s  believed the strong  negative  floating 
tendency a t  supersonic  speeds isla feature common t o  a l l  conventioiml 
tmes of subsonic  balance which a f fec t  the parameter C b .  In any 
-event the  large changes in  hinge-moment characterist ics with angle of 
attack measured fo r  the bevelled  flap  lead t o  the conclusion that this  
type of balance i s  undesirable  for'application t o  an airplane  required 
t o  traverse any appreciable  speed  range. 

Flap  restoring tendency % ( f igs .  28 and 29).-  Comparison of the 
bevelled-flap  data  (fig. 28) w i t h  that of the Blain f l ap  from reference 1 
shows that the  bevel w a s  very  effective  as a n  aerodynamic balance in the. 
subsonic  range. However, in general,  the  degree of balance  obtained 
from the bevel led  t ra i l ing edge was far from uniform, ranging anywhere 
from one-half of complete  unbalance t o  overbalance. A s  in the  case of 
the  variations of hinge moment w i t h  angle of attack, the degree of f l a p  
balance f o r  deflection  increased w i t h  e i ther  Mach  number o r  Reynolds 
number in   t he  subsonic speed range. A t  supersonFc speeds the f l ap  
quickly l o s t  balance as was the  case w i t h  the horn-balanced f l ap  of 
reference 2. Sealing the f l ap  gap tended t o  delay  the loss of balance 
a t  supersonic  speeds,  but  the  trends of the  curves  leave l i t t l e  hope 
that   the   bevel led  t ra i l ing edge tested could be an effective  supersonic 
balancing  device. 

Changing the  angle of a t tack fram Oo t o  5O ( f ig .  29) had little 
effect  on the subsonic  balancing  characteristics. The main e f fec t  was 
t o  hasten  the loss of balance in the transonic speed range. 

These small-scale data indicate the bev&lled-trailing-e&ge f l ap  as 
t es ted  is an unsuitable form of aerodynamic balance f o r  airplanes 
required t o  traverse  a  large speed rmge because of nonuniform balancing 
characterist ics at subsonic  speeds and inabi l i ty  t o  maintain aerodynamic 
balancing  effectiveness  through  the  transonic  speed  range. . 

I 
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Triqrtab effectiveness ( f ig .  3O).- The bevelled trim tab gave hinge 
moments of the  correct-sign  with  increasing tab def lect ion  a t  speeds 
below M = 0.90 f o r  zero flap deflection and zero  aagle of attack. 
A t  M = 0.90, however, the  data  indicated complete tab .Ineffectiveness 
for the f irst  2O of  tab  deflection. A t  M = 0.95 the data showed 
complete tab ineffectiveness at deflections above 5'. A t  and above sonic 
speed the data indicated  reversal in tab  effectiveness above 3' t o  5" 
of tab  deflection. 

On the  basis of wing-flow t e s t s  of a f'ull-span '-chord flap having 6 
a 23' bevelled  trail ing edge  mounted  on. a 35O sweptback =tapered 

clusions were reached: 
65-009 a i r f o i l  model of aspect  ratio 3.07, the following con- 

1. The l i f t  characterist ics of the model and flap were similar t o  , 

those measured previously w i t h  true-contour flap6 on the model. 

2. Sealing the flap gap increased  the  lift-curve  slope and the  flap 
effectiveness  appreciably and caused a rearward shift In the center of 
pressure  of-the  load due t o  flap deflection. 

3.  The ---flap-ChOrd  by "flap-span bevelled trim tab had unsetis- 1 I 
3 3 

factory  chmacter is t ice   a t  all speeds tested  inamuch  as  the  tab showed 
reversal of effectiveness over  various p m t s  of the  &flection range 
at   di f ferent  Mach numbers. 

4. The bevelled  trail ing edge appears to be an unsatisfactory  type 
of aerodynamic ba3ance f o r  airplanes  required  to  traverse a large speed 
range  because at .subsonic speeds the  degree of balance was highly 
nonuniform (varying considerably w i t h  both Mach and Reynolds numbers) 
and st low supersonic speeds most of the balancing effectiveness 
disappeared. 

Langley Aeronautical  Laboratory 
N&ional Advisory Committee fo r  Aeronautics 

Langley A i r  Force Base, V a .  
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Figure 1. - View of 35' aweweg%bback 69-009 model having chord bevelled-trailing-edge flap m u t e d  ri- 
on right wing of P-5U atrplane. Rectangular mae on right use& for measur& angle of attack. 
Sweptback vane on left used for meas \b 
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Figure 2.- Typical. variatione of local Mach number near ulng surface with chor&ise distance along 
~ 6 %  surface f o r  vaxioue airplane Mach numbers and lift coefficients as measured wlth model 
removed. Model location  Indicated by  sketch. N 
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Flgure 3 . -  Typical variations of l o c a l  Mach number wlth vertical distance above wing surface a6 
measured at chordvise etation AA with model removed. Meamments made on lefk whg which had P 
same contour a8 right wing. Bo allowance made for wing boundary layer. 
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Figure 4.- Plan form and crosa  section of 35' swe2tback 
NACA 65-009 a i r f o i l  w i t h  24-percent-chord full-epan, 
bevelled-trailing-edge  flap. 
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Figure 5.- Enlarged  sectional view showing uneealed- and sealed- 
gap conditions. . 
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Figure 6.- Variation of Reynolds number with Mach number for  tests of  

35O eweptback, NACA 65-009 a i r f o i l  model w i t h  q-chord  bevelled- 
trailing-edge  flap by the NACA wing-flow method. Reynolds n M e r  
based on a i r f o i l  chord paral le l   to   direct ion of flow. 
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(a) Variation of CL, C,, and Ch with  angle  of  attack. 

Figure 7.- Typical examples of  data obtained from strain-gage  balance. 
NACA 65-009 a i r fo i l ,  A = 3.07, A = 35O, Cf = 0 . 2 4 ~ ,  gap maealed, 
bevelled-trailing-edge  flap.  Level-flight run, M = 0.85. 
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(a) High-dive runs. 

gure 8.-  Variation of lift coefficient-with  =le of attack throughout 
Mach number range. tested for 6f = 0'. NACA 65-009 a i r fo i l ,  A = 3.07, 
A = 35', c-p = 0.2k;gap sealed and unsealed,  bevelled-trailing-edge 
flap. Note s h i f t  i n  axis of ordinate  scale for differentMach 
numbers. 
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(b) Level-flight runs. 

Figure 8. - Concluded. 
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.(a) High-dive runs. 

Figure 9 .  - Variation of l f f t  coefficient  with angle of attack throughout 
Mach  number range tested f o r  6f = 5'. NACA 65-009 a i r f o i l ,  A = 3.07, 
A = 35*, cf = 0.24c, gap sealed,  bevelled-trailing-edge  flap. Note 
s h i f t  i n  axis of ordinate  scale for different Mach numbers. 
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(b) Level-flight runs. 

Figure 9.- Concluded. 
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(a) High-dive m e .  

. g u r e  10.- Varfation  of--l if t   coefficient w i t h  f lap  deflection throughout 
Mach number range tested  for a 0'. NACA 63-009 a i r fo i l ,  A = 3.07, 
A = 35O, cf = 0,24c, gap sealed an+ unsealed,  bevelled-trailing-edge 
f lap .  Note sh i f t  In axis of ordinate  acale  for  different Mach 
numbere. 
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(b) Level-flight runs. 

Figure 10. - Concluded. 
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Figure 11.- Variation of lift--coefficient with f l a p  deflection throughout 
Mach  nutllber range teated for a 5O. EJACA 63-009 a i r fo i l ,  A = 3.07, 
A = 35O, cf = 0.2kc, gap a e d e d ,  bevelled-trailing-edge flap. Note 
shift i n  axis of  ordinate  scale  for  different Mach nunibem. High- 
dive m a .  
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(a) High-dive m a .  

Figure 12.- Variation of pitching-moment coefficient with angle of a t tack 
throughout Mach n-er range tes ted fo r  6f =. Oo. NACA 65-009 a i r fo i l ,  
A = 3.07, A = 3 5 O Y  cf = 0 . 2 k y  gap sealed and unsealed,  bevelled- 
trailing-edge flap. Moment coefficient  given about axie located 
18.1 percent mean aerodynamic chord ahead of leading edge of mean 
aerodynamic chord. Note shift in axis of ordinate  scale  for 
different Mach numbers. 
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(b) Level-flight m a .  

Figure 12.- Concluded. 
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(a)  High-dive runs. 

Figure 13.- Variation of pitching-mment  coefficient with angle of attack 
throughout Mach nmiber range tested f o r  6f = 5O. nACA 65-009 airfoi l ,  
A = 3.07, A = 35O, cf = 0.24~~ gap sealed,  bevelled-trailing-edge 
flap.  Moment coefficient  given about axis  located 18.1 percent mean 
aerodynamic chord ahead of leading edge of mean aerodpmic  chord. 
Note shift in axis of ordinate scale f o r  different Mach nimber. 

I 

I 



NACA RM LgKll 
1 

(b) Level-flight-runs. 

Figure 13.  - Concluded. 
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( a) High-dive runs. 

Figure 14.- Variation of pitching-moment coefficient  with  flap  deflection 
throughout Mach  number range tes ted f o r  CL Oo. NACA 65-009 a i r f o i l ,  
A = 3.07, A = 35O, cf = 0.24c, gap sealed and unsealed,  bevelled- 
trailing-edge  flap. Moment coefficient  given  about  axis  located 
18.1 percent mean aerodynamic chord  ahead of leading edge of mean 
aerodynamic chord.  Rote shift i n  axis of ordinate scale f o r  
different Mach numbers. 
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(b) Level-flight runs. 

Figure 14. - Concluded. 
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Figure 15. - Variation of pitching-moment coefficient  with flap deflection 
throughout Mach  Ilumber range tes ted fo r  a x  5'. NACA 65-009 airfoil, 
A = 3.07, A = 35O, cf = 0.2k, gap sealed,  bevelled-trailing-edge 
flap. Moment coefficient  given about axis located 18.1 percent mean 
aerodynamic  chord  ahead of l eadhg  edge of mean aerodynamic  chord. 
Note shift  i n  axis of ordinate  scale f o r  different Mach numbers. 
Highdive rUZls. 
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(a) High-dive runs. ' 

Figure 16.- Variation ofhinge-moment coefficient  with  angle of  at tack 
throughout.Mach number range tested f o r  Ef = Oo, NACA 65-009 air- 
foil, A = 3.07, A = 35', cf = 0.24c,'gap  sealed and unsealed, 
bevelled-trailing-edge f lap.  Note sh i f t   i n   ax i s  of  ordinate  scale 
for different Mach numbers. 
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(b) Lsel-fl ight Tuna: 

Figure 16. - Concluded. 
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(a) High-dive runs. 
Figure 17.- Variation of hinge-moment  coefficient with angle of  attack 

throughout Mach number  tested  for €5f 5'. NACA 65-009 airfoil, 
' A = 3.07, A = 35', cf = 0.24c, gap sealed,  bevelled-trailing-edge 

flap. Bote shift i n  axis of ordinate  scale f o r  different Mach 
numbers. 
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(b) Level-flight runs. 

Figure 17.- Concluded. 
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(a)  High-dive rune. 

Figure 18.- Variation of hinge-mament  coefficient ytth flap deflection 
throughout Mach number  range  tested f o r  a z 0'. NACA 65-009 air- 
foi3, A = 3.07, A = 35O, cf = 0.24c, gap sealed  and  unsealed, 
bevelled-trailing-edge  flap.  Note  shift  in  axis of ordinate.scaI-e 
for different Mach numbers. 
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(b) Level-flight rune. 

Figure 18. - Concluded. 
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Figure 19.- Variatlon o f  hinge-moment coeff ic ientwith flap deflection 
throughout Mach  number range tested f o r  a fi: 5 O .  NACA 65-009 air- 
f o i l ,  A = 3.07, A = 35O, cf = 0.24c, gap sealed,  bevelled-trailing- 
edge flap. Note shift  i n  axia of ordinate  scale  for  different Mach 
numbers. Hlgh-dive runs. 
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(a) M = 0.66 and 0.70. 

Figure 20.- Variation of hinge-moment coefficient with flap deflection 
for vwious trim-tab  settings throughout Mach number range  tested 
for a % Oo. WACA 65-009 airfoil, A = 3.07, A = 35O, cf = 0.24c, 

High-dive runs. 
* gap sealed, bevelled-trailing-edge flap, + = 0. 33bf, 9 = 0.33~~. 
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(b) M =I 0.75 and 0.80. 

Figure 20. - Continued. 
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(c) M = 0.85 & 0.90. 
Figure 20. - Continued. 
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(a) M = 0.95 m a  LOO. 

Figure 20.. - Continued. 
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( e )  M = 1.05 and 1.10. 

Figure 20. - Continued. 
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(f) M = 1.15. 

Figure 20. - Concluded. 
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( a) High-dive runs. 

Figure 21.- Variation of a i r fo i l   mde l  and of f lap  l i f t  effectiveness 
with Mach number for u M Oo, 8f = 00. NACA 63-009 airfoi l ,  
A = 3.07, A = 35O, cf = 0.2k, gap sealed and unsealed,  bevelled- 
trailing-edge f lap .  
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d -Gap sealed 
W"" Gap =.0/5" .O? 

Mach twmber 

(b) Level-flight m a .  

.Figure 21. - Concluded. 
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(a) Effect of f lap  deflection on l if t-curve slope at a = Oo. 

Figure  22.-.Effect of f lap  deflection and angle of  at tack on a i r f o i l  
and f l ap  lift effectivenese. NACA 65-009 a i r fo f l ,  A = 3.07, 
A = 35O, cf = O..24c, gap sealed,  bevelled-trailing-edge flap. 



(b) Effect of angle of attack on flap effectivenese at Sf = 0’. 

Figure 22. - Concluded. 
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Mach number =-@7 

(a) High-dive m a .  

Figure 23.- Variation of airfoil model and of flap pitching-Vnt 
characteristics with Mach nmiber for a W Oo,. 6f = 00. mACA 
65-009 airfoil, A = 3.07, A = 35O, cf = 0.2k, gap  sealed and 
unsealed, bevelled-trailing-edge flap. Pitching moments : 

. measured about axis  located 18.1 percent mean aerodynamic  chord 
forward of leading edge of mean aerodynamic chord. 
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Mach number KiE&7 
_. 

(b) Level-flight ? a n a .  

Figure 23. - Concluded. 
li 



(a)  Effect of f lap  deflection  on.airfoi1  pitching moments at a w Oo. 

Figure 24.- Effect of f lap  deflection and angle of a t tack on a i r f o i l  and 
f lap  pitching-moment characterist ics.  NACA 65-009 a i r fo i l ,  A = 3.07, 
A = 35O, cf = 0.24c, gap sealed,  bevelled-.trailing-edge  flap. 
Pitching moments measured about axis loca’ced 18.1 percent m e a n  
aerodynamic chord forward of leading edge of m e a n  aerodynamic chord. 
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(b) Effect of angle of att-ack on flap  pitching moments 8%- 6f = Oo. 

Figure 24. - Concluded. 
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Figure 25.- Effect of angle of attack on center of preaeure due to f l a p  
deflection and effect  of  flap deflection on aerodynamic-center 
location. NACA 65-009 a i r f o i l ,  A = 3.07, A = 35O, cf = 0.24c, gap 
sealed,  bevelled-trailing-edge  flap. 
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Figure 26.- Variation  with Mach  number of  rate of  change of hinge- 

at a w Oo, 6f = Oo. NACA 63-009 a i r f o i l ,  A = 3.07, A = 35O, 
cf = 0.24c, gap sealed and unsealed,  bevelled-trailing-edge 

'moment coefficient-with change ih angle of attack measured 

. flap.  

c 

. 
I 



NACA RM LgKLl 

! 

! 

Figure 27.- Effect of flap deflection on rate of change of hinge- 
mment coefficient with angle of attack measured at a = Oo. 
NACA 63-009 a i r fo i l ,  A = 3.07, h = 3 3 O ,  cf = 0.2k, gap I 

sealed, bevelled-trailing-edge  flap. 
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Mach number 17- 
. .  - 
Figure 28. - Variation with Mach  number of ra te  of change of  hinge- 

moment coefficfent with change i n  flap deflectrlon measured 
a t  a X Oo, Ef = 0'. NACA 63-009 a i r fo i l ,  A = 3.07, A = 35O, 
cf = 0.2k, gap sealed and unsealed,  bevelled-trailing-edge 
flap.  Plain-flap data from reference 1 included for comparison. 
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Figure 29.- Effect of  angle  of attack on r a t e  of change of  hinge- 
moment coefficient with flap  deflection measured at Ef = 0'. 
NACA 65-009 a i r f o i l ,  A = 3.07, A = 35', cf = 0.2kc,  gap-sealed, 
bevelled-trailing-edge  flap. 
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F i w e  30. - Variat.ion of hinge-moment coefficient  with trim-tab 
deflection measured at a = Oo. MACA 65-009 a i r f o i l ,  A = 3.07, 
A = 35O, cf = 0.24c, gap sealed,  bevelled-trailing-edge  flap, 

bTT = $bf, % = 

. 
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